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Introduction 32
Nowadays there is an increasing interest in biodegradable/compostable polymers from 33 renewable sources due to environmental problems caused by conventional food 34 packaging materials ). The problems in disposing 35 of huge quantities of waste generated by non-biodegradable food packaging have led 36
to the study of biopolymers as materials to be used as films and coatings in food 37 packaging (Azeredo, Miranda, Ribeiro, Rosa & Nascimento, 2012). 38
Development of materials from biopolymers for different applications have been a hot 39
topic for several years, due to increasing prices of petroleum, a non-renewable 40 resource with diminishing quantities (Ruban, 2009 ; Souza, Cerqueira, Martins, 41
Casariego, Teixeira & Vicente, 2010), and increasing environmental concerns. This 42 approach will continue playing an important role in the food industry (Satyanarayana, 43 
Arizaga & Wypych, 2009). 44
Today, the use of polymers from renewable sources in food packaging is growing. The 45 tendency is to use natural compounds to enlarge the shelf-life of all types of food 46 increasing the preservation and protection from oxidation and microbial spoilage. cations by chelation. It is likely that all events occur simultaneously but at different 68
intensities. 69
Besides, chitosan is a non-toxic compound and another fascinating advantage of this 70 compound is the film-forming capacity that it presents, which allows its application 71 directly as a film or as a coating without the necessity of a carrier matrix (Fernandez-72 Saiz, Soler, Lagaron & Ocio, 2010) . Chitosan films are regarded as biofunctional 73 material, well tolerated by living tissues, particularly applicable as edible films/coatings 74 to prolong shelf-life and preserve quality of fresh foods. 75
Moreover, there is a growing interest to develop materials with antimicrobial properties 76 in order to prevent alterations in food caused by microbial spoilage. 77
On the other hand, as food quality and safety are major concerns in the food industry, 78 there is also a need for an efficient method for the delivery of preservatives into foods. Two treatments were applied to the previous formed films: 1) heat treatment at 105 °C 155 overnight and, 2) neutralization by spraying with 13µl/cm 2 of NaOH 0.25 mol/L. 156
Total soluble matter (TSM) 157
Total soluble matter was measured by immersion in 25 mL of distilled water, with slight 158 stirring at ambient temperature for 24 hours. After this time, samples were dried in an 159 oven at 105 ºC for 24 h. TSM was calculated in relation to the dry mass and it was 160 expressed as the percentage of the film dry matter solubilized. 161
Fourier transform infrared (FTIR) spectroscopy 162
Fourier transform infrared spectra of all films were carried out on a Performer 163 SpectraTech spectrometer using ATR diamond crystal. A total of 64 scans were 164 performed at 4 cm -1 resolution. The measurements were recorded between 400 and 165 4000 cm -1 . The samples were measured at three points to check for film homogeneity 166 and they yielded similar spectra.
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Differential scanning calorimeter (DSC) measurements were performed using a TA 169
Instruments (model DSC Q1000, New Castle, USA). The samples were scanned under 170 a N 2 atmosphere from ambient temperature to 100 °C at a constant heating rate of 10 171 °C /min. The weight film was 5-10 mg. 172
Scan Electron Microscopy (SEM) 173
The microstructure of films was observed by scanning electron microscopy (SEM). The 174 samples were examined using a scanning electron microscope (JEOL JSM-6335, 175 JEOL, Tokyo, Japan). 176
X-ray Diffraction (XRD) 177
X-ray diffraction patterns were obtained using an X-ray diffractometer (PHILIPS 178
X′PERT SW) with a copper anode. The samples were scanned continuously from 0° to 179 50° (2 θ) at 45 kV and 40 mA. 
FTIR spectroscopy 246
In order to study the interactions between functional groups in Ch and ChO films, FTIR 247 analysis was carried out. Chitosan´s typical structure shows in FTIR spectra 248 characteristic absorption bands at 1594 and 1650 cm group of the carbohydrate ends with the amine group in chitosan, producing a Schiff 274 base, which subsequently cyclizes to produce the Amadori compound and insoluble 275 polymeric compounds, referred as melanoidins. In the treatment with NaOH, the 276 neutralization effect is joined to the formation of sodium salt of acetic acid. 277
When the COS were introduced in the films (Figure 3) , it was observed that in the heat 278 treated films, the decrease in relatively intensity bands centred at 1546 and 1405 cm -1 M A N U S C R I P T
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were less marked with respect to the neutralized ChO films, indicating the minor 280 capacity to stablish crosslinking in presence of short chains of polymer. However, the 281 presence of COS in the films increases the number of protonated amine groups and 282 carboxylate ions which are neutralized and form salts, reducing the intensity of these 283 bands. 284
Water Vapour Permeability 285
Water vapour permeability is a key property for the films intended to be used as food 286 packaging. The WVP values are shown in Table 1 . 287 WVP was not affected by heat treatment, as it was also stated by Leceta 
Antimicrobial activity 310
Antimicrobial activities of Ch and ChO films in liquid culture medium are shown in Table  311 2. 312
As it can be seen, the presence of Ch films affected the cell viability of the tested 313 microorganisms inhibiting their growth. However, the inhibitory effect differed 314 depending on the type of bacterium although the present study showed that there was 315 not a clear difference between the Gram-positive and Gram-negative bacteria studied. 316
The activity of chitosan and its derivatives or oligomers against different bacteria and 317 fungi has already been widely reported. The mode of antibacterial activity is a complex 318 process that differs among bacteria due to different cell surface characteristics. In 319 several studies, stronger antibacterial activity was apparent against Gram-negative 320 bacteria than Gram-positive, while in another study Gram-positive bacteria were more 321 susceptible, perhaps as a consequence of the Gram-negative outer membrane barrier. ChO films showed stronger antimicrobial activity than Ch films, indicating that this 335 effect is caused by the presence of the COS into the films, which denotes the 336 reinforcing effect of more active groups that produce inhibition. Since such 337 antimicrobial mechanism is supposed to be based on electrostatic interaction, it 338
suggests that the greater the number of cationized amines, the higher will be the 339 antimicrobial activity. Therefore, COS increased the number of cationized amines and 340 improved the antimicrobial activity of ChO films. As it has been reported by other 341 The effect of COS incorporation produced more differences in antimicrobial activity in 354 the case of neutralized films than in heat treated ones. Heat treated ChO films showed 355 higher antimicrobial activity (except for L. plantarum) with respect to Ch films treated at 356 the same temperature. As it was shown, the solubility of these films was lower than that 357 of the neutralized films, due to the strong interactions produced by the crosslinking and 358 the Maillard reaction. However, the conditions of antimicrobial growth medium when 359 the COS are present in the film, would make that the small molecules could beM A N U S C R I P T
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amine groups activated available to give the possible actuation mechanism to inhibit 362 the different bacteria tested. 363
The percentage of inhibition of all the tested bacteria was significantly higher for ChO 364 neutralized films with respect to Ch ones. In this case, the results does not seem to be 365 in agreement with the intensity of the bands at 1546 and 1405 cm -1 associated to 366 carboxylate ions with biocide action, which showed less intensity in presence of COS 367 according the ATR_FTIR spectroscopy experiments. The process of neutralization 368 would be higher in presence of higher number of amine groups causing a decrease in 369 the percentage of these protonated groups and therefore, in the bands corresponding 370 to carboxylate ions, due to the formation of sodium salt of acetic acid. In the same way, 371 the conditions of the antimicrobial experiments in which a liquid culture medium with pH 372 6 is used, the amine groups would start to be protonated, and redisolution of small size 373 chain of COS could be favoured, which was demonstrated by the higher solubility of 374 these films observed by TSM experiments. 375
The lack of biocide properties of neutralized chitosan films showed by Ouattara et al. When the chitosan films were neutralized or heat treated, they became more water 392 insoluble but lost their antibacterial properties. Heat treatment decreased further the 393 solubility due to the crosslinking and the Maillard reaction. Besides, in the neutralization 394 treatment, some of the neutralized protonated amine groups with the corresponding 395 formation of sodium salt of acetic acid caused partial insolubility of the films. The 396 incorporation of COS to chitosan films increased the inhibitory effect against the 397 studied microorganism. 398
In view of these results, it can be concluded that incorporation of COS combined with 399 heat or neutralization treatments has been proved to be a viable method to get a final 400 chitosan film with decreased solubility, without affecting their water vapour 401 permeability, and antibacterial activity with higher efficiency depending on the 402
microorganism. 403
Further experiments are necessary to know about the behaviour of the film in different 404 food matrices but, according to the results ChO, films seem to be a promising material 405 which can be used for food packaging applications. 
